Introduction: Deep dyspareunia occurs in half of women with endometriosis, a condition present in 10% of reproductive-age women and associated with negative effects on sexual quality of life (SQoL). However, women with endometriosis can have other clinical factors (eg, superficial dyspareunia, other pelvic pains, and psychological or pain conditions) possibly affecting SQoL. Aims: To determine whether deep dyspareunia is associated with SQoL in women with endometriosis, independent of potential confounders. Methods: This study involved a prospective patient registry of women at a tertiary-level referral center for endometriosis and pelvic pain. Inclusion criteria were (i) referrals to the center recruited into the registry from January 2014 through December 2016 and (ii) subsequent surgery at the center with histologic confirmation of endometriosis. Exclusion criteria included menopausal status, age at least 50 years, never sexually active, or did not answer dyspareunia or SQoL questions. Bi-variable tests and multiple linear regression analysis were performed. Main Outcome Measures: SQoL measured by the 5-item sexual intercourse subscale of the Endometriosis Health Profile-30 (EHP-30) modular questionnaire (0e100%, with higher scores indicating worse SQoL). Results: Consent rate for the prospective registry was 87%; 277 women met the study criteria (mean age ¼ 34.2 ± 7.1 years). Most women had stage I to II endometriosis at time of surgery (64%), with the remaining having stage III to IV endometriosis. Through regression analysis, worse SQoL (higher EHP-30 sexual intercourse subscale score) was independently associated with: more severe deep dyspareunia (P < .0001), more severe superficial dyspareunia (P < .0001), increased depression (P < .001), higher pain catastrophizing (P ¼ .04), bladder pain syndrome (P ¼ .02), heterosexual orientation (P < .001), and new referral status (P ¼ .02). Conclusion: In women with endometriosis at a tertiary referral center, more severe deep dyspareunia was associated with worse SQoL, independent of superficial dyspareunia, psychological comorbidities, and other potential confounders. Shum LK, Bedaiwy MA, Allaire C, et al. Deep Dyspareunia and Sexual Quality of Life in Women With Endometriosis. Sex Med 2018;6:224e233.
INTRODUCTION
Dyspareunia is pain with penetration during sexual activity. 1 Dyspareunia is most commonly classified as superficial dyspareunia or deep dyspareunia. 2 Superficial dyspareunia refers to pain at initial entry of the vagina (perceived in the vulvar region and/or vaginal introitus), whereas deep dyspareunia is pain associated with deep penetration (perceived in the vaginal canal or pelvic region). 2 Quality of life (QoL) and relationships of women are significantly affected by the presence of dyspareunia. 3, 4 Deep dyspareunia is often associated with endometriosis, which is a common and chronic gynecologic disease in women. 5, 6 In fact, endometriosis is one of the main causative factors of deep dyspareunia. 6 Endometriosis is defined as the growth of endometrial tissue outside the uterus 7 and affects an estimated 10% of reproductive-age women. 8 Other symptoms of endometriosis include dysmenorrhea (menstrual pain), dyschezia (painful defecation), and chronic pelvic pain. 4 The pathophysiology of deep dyspareunia in endometriosis is complex and can include direct effects of the endometriotic lesions, concurrent diagnoses (eg, depression or interstitial cystitis or bladder pain syndrome), and/or central sensitization. 9 Women with endometriosis and deep dyspareunia have been found to have lower sexual QoL (SQoL) such as sexual functioning and satisfaction. 5, 10 Previous studies also have shown that women with endometriosis and deep dyspareunia experience worse sexual functioning than women without endometriosis. 4, 11, 12 Such women report decreases in number and quality of coituses, overall sexual activity, self-esteem, and sexual satisfaction. 3, 12, 13 Women also can develop negative thoughts about intercourse and might avoid sexual activity altogether, which can negatively affect personal relationships. 12, 14, 15 However, when considering the relation between deep dyspareunia and SQoL in women with endometriosis, it is important to consider potential confounders. For example, women with endometriosis (and deep dyspareunia) can have other types of pelvic pain, psychological comorbidities, and concurrent pain diagnoses. Moreover, it is possible for a patient to have concurrent deepsuperficial dyspareunia, for example, in women with endometriosis and vulvodynia. 2 Superficial dyspareunia from vulvodynia, particularly provoked vestibulodynia, has been well documented to affect sexual functioning and distress. 16 Thus, concurrent superficial dyspareunia is another important consideration when assessing the relation between deep dyspareunia and SQoL.
The Endometriosis Health Profile (EHP-30) is a validated and reliable questionnaire that measures health-related QoL in women with endometriosis. 14, 17 Test-retest reliability, content validity, and construct validity have been assessed in the EHP-30.
14,18 The EHP-30 is composed of a core questionnaire of 30 items, in addition to 6 modular parts containing 23 items.
14 1 of the 6 modular parts specifically addresses sexual intercourse, which includes questions about pain, guilt, worry, frustration, and avoidance associated with sexual intercourse.
The objective of this study was to determine whether deep dyspareunia was independently associated with a worse SQoL (measured by the EHP-30) in women with endometriosis, controlling for potential confounders such as superficial dyspareunia, other types of pelvic pain, and other comorbidities. It was hypothesized that deep dyspareunia would be associated with a worse SQoL independent of superficial dyspareunia and other potential confounders.
METHODS

Study Setting
This study involved a prospective patient registry of women, the Endometriosis and Pelvic Pain Prospective Interdisciplinary Cohort (EPPIC; ClinicalTrials.gov, NCT02911090), at a tertiary-level referral center. 19 This registry uses the Research Electronic Data Capture online database (REDCap), which has been previously described in detail. 20, 21 The registry was designed with the intent of analyzing factors associated with pain and QoL measures at baseline and at annual follow-up for women with endometriosis and pelvic pain. The registry has an 87% consent rate among referrals to the center.
Ethics Approval
The prospective registry was approved by the research ethics board of the University of British Columbia (Vancouver, BC, Canada; H16-00264).
Inclusion and Exclusion Criteria
Inclusion criteria were (i) recruitment into the registry among referrals to the center from January 2014 to December 2016 and (ii) subsequent surgery at the center (after recruitment into the registry) with pathologic confirmation of endometriosis (!1 histologically positive biopsy result). Exclusion criteria were (i) age younger than 18 years; (ii) age at least 50 years or menopausal status because endometriosis resolves after menopause and to lessen genitourinary syndrome of menopause as a concurrent factor 22 ; (iii) no intake physical examination (eg, because of severe vaginismus); (iv) never sexually active; and (v) did not answer the dyspareunia questions or complete the EHP-30 modular intercourse subscale as part of the registry data collection. The study population flowchart is presented in Figure 1 .
Primary Outcome (SQoL, EHP-30 Intercourse Subscale)
The primary outcome was SQoL as measured by the 5-item subscale of the EHP-30 sexual intercourse modular questionnaire. This particular subscale assesses pain with intercourse, worry about having intercourse because of the pain, guilt about not wanting intercourse, frustration about not enjoying intercourse, and avoidance of sexual intercourse.
14 Each of the 5 questions was answered on a 5-point Likert scale (0 ¼ never, 1 ¼ rarely, 2 ¼ sometimes, 3 ¼ often, 4 ¼ always). Patient scores were summed together, divided by the maximum total score of 20, and then multiplied by 100 to give a percentage ( P /20 Â 100%), where 0% indicates the best SQoL and 100% indicates the worst SQoL. associated with SQoL and were available as part of the patient registry data collection. All variables were assessed at intake into the registry through a baseline patient-reported online questionnaire, gynecologist examination, and/or review of medical records and prospectively entered into the registry. The only exception was surgical data collection, which was prospectively entered into the registry at the subsequent surgery at the center (after baseline), according to the recommendations of the Endometriosis Phenome and Biobanking Harmonisation Project (EPHect) of the World Endometriosis Research Foundation. 23 Deep dyspareunia was measured on a numeric rating scale from 0 (no pain) to 10 (worst pain imaginable). Other pain severities included superficial dyspareunia, dysmenorrhea, dyschezia, back pain, and chronic pelvic pain, also on a numeric rating scale from 0 to 10. The wording of these questions has been previously published. 20 For deep dyspareunia, the wording was "How painful was deep penetration during sexual activity?" For superficial dyspareunia, the wording was "How painful was initial penetration (entry) during sexual activity?" All psychological comorbidities were assessed using validated standardized questionnaires. The Patient Health Questionnaire (PHQ-9) was used for depression. The PHQ-9 includes 9 questions that assess the severity of depression symptoms; each question is rated from 0 (not at all) to 3 (nearly every day) for a total score up to 27. 24 For anxiety, the Generalized Anxiety Disorder (GAD-7) questionnaire was used to assess the severity of anxiety symptoms through a set of 7 questions, each rated from 0 (not at all) to 3 (nearly every day) for a total score up to 21. 25 The Pain Catastrophizing Scale (PCS) is composed of 13 questions that assess magnification, rumination, and helplessness; each question is rated from 0 (not at all) to 4 (all the time) for a total score up to 52. 26 Pain diagnoses included pelvic floor myalgia (levator ani tenderness), abdominal wall pain diagnosed by the Carnett test (abdominal tenderness that worsens when abdominal muscles are contracted), 27 irritable bowel syndrome clinically diagnosed through the Rome III criteria, 28 and bladder pain syndrome clinically diagnosed using the criteria as defined by the American Urological Association or the International Continence Society. 29, 30 Demographic and behavioral factors included age, ethnicity (Caucasian vs other ethnicity), body mass index, referral type (new referral vs rereferral), hormonal therapy use (currently using vs not currently using), sexual orientation (heterosexual vs other), previous surgical diagnosis of endometriosis, previous hysterectomy, abuse as a child by sexual touch or sexual threat (using selected questions from the Childhood Trauma Questionnaire), 31 sexual assault as an adult, pregnancy history, smoking habits, alcohol consumption, current marital status (married vs not married), education (some high school, graduated high school or earned Graduate Equivalency Diploma, some college, graduated 2-year college, graduated 4-year college, postgraduate degree, other education), and income (<$20,000, $20,000e39,999, $40,000e59,999, $60,000e79,999, $80,000e99,999, !$100,000).
As part of the inclusion criteria of the study, endometriosis had to be pathologically confirmed at the time of subsequent surgery at the center (after recruitment into the registry). Endometriosis was prospectively staged through calculation of the American Society of Reproductive Medicine score and classified as stage I to II or stage III to IV. 32 
Statistical Analyses
Pairwise comparisons between the primary outcome (SQoL measured by the EHP-30 intercourse subscale, 0e100%) and each potentially associated variable were conducted. Spearman rank correlation was used for continuous variables, MannWhitney U-test was used for binary variables, and KruskalWallis test was used for categorical predictors with at least 3 levels. All variables that were found to have a statistically significant association (P < .05) with the primary outcome were used in multiple linear regression analysis.
In multiple linear regression models, the Akaike information criterion was used in an automated stepwise model building technique with a statistical significance of 0.05 to obtain the most parsimonious model. 33 To validate the model, 2 other model building techniques were conducted: sequential backward elimination and multi-model inference. In the sequential backward elimination technique, the variable with the largest P value at each step was individually removed from the model until all variables left in the model had a P value below the removal threshold (P < .05). 34 Multi-model inference was performed using established procedures that have been previously described in detail. 35, 36 All data analysis was performed using R 3.4.1 for Windows (R Foundation for Statistical Computing, Vienna, Austria). Statistical significance was set at an a value less than 0.05. Mean values are provided alongside the SD. Missing values were excluded from all data analyses.
Power Analysis
In a previous retrospective study of 22 women, deep dyspareunia severity (0e10) was found to be significantly correlated 
RESULTS
Patient Demographics
277 women met the entire study criteria (Figure 1 ). Detailed characteristics of the study population are listed in Table 1 . The mean SQoL (EHP-30 intercourse subscale score) was 60.9%, and the mean deep dyspareunia severity was 6.5 of 10. Most women were Caucasian (72%). Approximately half had irritable bowel syndrome or bladder pain syndrome, almost 1/3 had abdominal wall pain (positive Carnett test result), and 1/3 had pelvic floor myalgia. More than 2/3 of women were diagnosed with stage I to II endometriosis at subsequent surgery at the center, with the remaining diagnosed with stage III to IV endometriosis (Table 1) .
Pairwise Associations
All pairwise associations between the primary outcome (SQoL measured by the EHP-30 intercourse subscale) and other variables are presented in Tables 2 and 3 . Factors found to be significantly associated (P < .05) with worse SQoL (higher EHP-30 intercourse subscale score) were more severe pain scores for deep dyspareunia, superficial dyspareunia, dysmenorrhea, dyschezia, chronic pelvic pain, and back pain; younger age; increased depression (PHQ-9) and anxiety (GAD-7) symptoms; higher pain catastrophizing score (PCS); heterosexual orientation; lower education; presence of abdominal wall pain (positive Carnett test result); pelvic floor myalgia; stage of endometriosis; and bladder pain syndrome. Rereferral status was actually associated with improved SQoL (ie, new referrals had worse SQoL). Deep dyspareunia was found to have the greatest correlation with SQoL (Spearman r ¼ 0.55). A plot visualizing the relation between deep dyspareunia severity and worse SQoL (higher EHP-30 intercourse subscale score) is presented in Figure 2 .
Multiple Linear Regression
All variables found to be significantly associated with the primary outcome through pairwise associations were considered for the multiple linear regression analysis. Using minimization of the Akaike information criterion, the final best-fit regression model indicated that the following variables were associated with worse SQoL (Table 4) Table 4 ). The regression model was robust with the same model produced by sequential backward elimination and by the addition of back pain produced by multi-model inference (data not shown). 35, 36 
DISCUSSION
In this analysis of a prospective patient registry of women with endometriosis, more severe deep dyspareunia was associated with worse SQoL. The association between deep dyspareunia and SQoL remained after controlling for other factors including superficial dyspareunia, other types of pelvic pain, psychological comorbidities, pain diagnoses, and demographic and behavioral factors. Also, endometriosis stage was found not to confound the association between deep dyspareunia and SQoL. The findings support that endometriosis-associated deep dyspareunia does independently affect a woman's SQoL. 7 Strengths of this study include its prospective nature, because all patients prospectively underwent surgery at the center; therefore, staging of endometriosis was well documented and reflected disease that was present at the time of initial intake. Another strength of this study is the use of specific validated methods to assess psychological comorbidities (anxiety, depression, pain catastrophizing), clinically diagnosed pain conditions (irritable bowel syndrome, bladder pain syndrome, abdominal wall pain), and evaluation of the primary outcome, SQoL (EHP-30). Our findings from multivariable analyses were robust because they were reproduced by 3 different model building techniques.
Limitations to this study include its observational character, which precludes conclusions about a possible effect of treatment of deep dyspareunia on improvement of SQoL. A randomized controlled trial is needed to provide causal evidence. In addition, this study assessed SQoL, but there are other sexual outcomes, such as sexual distress, that could be assessed. The study also was conducted at a tertiary referral center, which can affect generalizability of our results to other settings.
The association between deep dyspareunia and worse SQoL suggests that treatment of deep dyspareunia could be important in improving SQoL in women with endometriosis, independent of superficial dyspareunia or psychological comorbidities. It is noteworthy that deep dyspareunia and superficial dyspareunia were associated with SQoL, suggesting that each affects SQoL in a different manner and to a different degree. Concurrent deep and superficial dyspareunia is not uncommon 2 and our results indicated that deep and superficial dyspareunia independently contributed to worse SQoL.
Depression and pain catastrophizing were associated with worse SQoL in our study. It is known that pain catastrophizing and depression are associated with chronic pain severity and negatively affect QoL. 38, 39 Depression has been associated with SQoL in terms of sexual desire, sexual arousal, sexual cognition, and orgasmic functions. 40 Conversely, struggles with sexual function could result in depression symptoms. 41 Pain catastrophizing is another cognitive process that warrants more investigation for its role in SQoL. Some studies have found pain catastrophizing to be associated with lower overall QoL 42, 43 ; however, the association between pain catastrophizing and SQoL has been underinvestigated. 44 Our results showed an association between SQoL and bladder pain syndrome. Bladder pain syndrome has been independently associated with severity of chronic pelvic pain. 20 Concurrent endometriosis and bladder pain syndrome also have implications for sexual pain. 45e47 Bladder pain syndrome could be a marker of central sensitization, 20 a process involving central nervous system mechanisms that amplify pain, 48 and has been found in women with endometriosis. 49 It is interesting that the association with SQoL is specific to bladder pain syndrome rather than irritable bowel syndrome. This suggests a specific importance of the bladder in sexual pain compared with functional abnormalities of the bowel.
Our finding of worse SQoL in women with heterosexual orientation requires further studies. We could not assess whether it might be because opposite-sex couples were more likely to involve penetration during sexual activity or because pain with penetration might have a different meaning for opposite-sex couples compared with same-sex couples. New referrals also had worse SQoL compared with rereferrals. This is a surprising observation because rereferrals to the center would have failed previous treatment, although it is possible that rereferrals were primarily re-referred for chronic pelvic pain recurrences rather than for worsening sexual pain.
Furthermore, it should be emphasized that although we studied deep dyspareunia in women with endometriosis, the deep dyspareunia symptom itself might be directly due to endometriosis in some cases, but in other cases it actually might be due to other conditions (eg, depression or bladder pain syndrome) comorbid in a patient with endometriosis. More acute causes of deep dyspareunia also can be present in women with endometriosis (eg, salpingitis or cervicitis), but such patients were excluded from this study. For women in whom deep dyspareunia might be due directly to endometriosis, our study suggests that treatment of endometriosis (eg, surgery or hormonal) could lead to improvement of SQoL, independent of treatments for superficial dyspareunia or comorbid conditions. We are currently following this cohort over 3 years to determine the impact of endometriosis treatments on long-term pain and QoL outcomes.
CONCLUSIONS
In summary, more severe deep dyspareunia was found to be associated with worse SQoL in women with endometriosis independent of other pain severities, psychological comorbidities, pain diagnoses, and demographic and behavioral factors. We previously proposed a framework for deep dyspareunia in endometriosis that encompasses disease-specific factors, concurrent diagnoses (eg, bladder pain syndrome), psychological comorbidities (eg, depression), and central sensitization. 9 This study confirms that these latter factors also are important for SQoL. To address these multifactorial factors, 45 a multidisciplinary approach has been proposed for treatment of sexual dysfunction in endometriosis. 
